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?1. Introduction
The efficiency of financial markets reflects the degree of rationality in investment strategies, the
outcome of which help shaping the distribution of asset returns. This distribution is important in tests
of the Black and Scholes option pricing model and the capital asset pricing model. However, many
previous empirical studies reveal significant deviations from the normal risk−neutral distribution
implied in option markets. The empirical results are more often consistent with the stochastic process
of a mixture of distributions (Damodaran, 1985). The smile and smirk patterns in Black−Scholes (BS)
implied volatility suggest that the state price density implied in option market prices is asymmetric
with negative skewness and fat tails, reflected by excess kurtosis. This empirical evidence can be
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Abstract
This paper examines the term structure of non−normal return distributions implied by the
KOSPI200 index option prices. The empirical evidence suggests that, consistent with theoretical
implications, the skewness and excessive kurtosis of the implied risk−neutral distributions
converge to zero for options with longer times−to−expiration. The excessive kurtosis reflects
only the probability at the mean rather than in the tails of implied distributions. Judging from the
performance of investment strategies that take into account the effects of the mean, variavce,
skewness and excessive kurtosis simultaneously, the one−day dynamic investment strategy yields
the highest positive returns and Sharpe ratios in all cases, regardless of the underlying market
trends and opportunity costs. However, when trading costs are taken into consideration, the
dynamic investment strategy is associated with lower performance than the benchmark portfolio.
The naive options portfolio using the risk−free asset in the static buy−and−hold strategy has
higher average returns and Sharpe ratios than those of the benchmark portfolio under all market
conditions. The evidence implies that the optimal investment strategies are consistent with the
maximization of the expected utility function depending on the trade−off between expected
returns and transactions costs as well as on the degree of investors’ risk aversion.
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?indicative of the degree of investors’ rationality and marker imperfection and inefficiency. Yet, the
central limit theorem (CLT) implies that under fairly general conditions, the return distribution should
converge to normality for options with longer time to maturity. Under such conditions, the volatility
smirk should flatten out accordingly (Carr and Wu, 2003). Hence, if asset returns are bound to
converge to normal distributions through the CLT, some predictable patterns can be revealed from the
complex structure of options prices.
In theory, the option pricing model using the binomial distribution converges to the Black and
Scholes (1973) formula when the time interval is divided into a large number of sub−intervals under
the CLT. In the various cases of the Poisson jump model of Merton (1976), the variance−gamma
model of Madan, Carr and Chang (1998), the log−gamma model of Heston (1993), and the CGMY
model of Carr et al. (2002) modeled as Levy process with stationary independent increments, the CLT
implies that the absolute value of skewness decreases with the inverse of the square−root of time−to−
maturity, whereas the kurtosis decreases with the inverse of time−to−maturity (Carr and Wu, 2003;
p.754, Konikov and Madan, 2000).
The empirical results of the present study reveal that the skewness and excess kurtosis of the risk−
neutral distribution implied by KOSPI200 index options prices converge toward zero as the maturity
increases. But the assumptions that the sample is independently and identically distributed and that it
derives from a population with finite variance are required for the CLT to apply. Additional conditions
are needed if the variance of the distribution is time−varying. But, it is not obvious that option markets
necessarily satisfy the assumptions of the CLT. Indeed, Carr and Wu (2003) find that the implied
volatility smirk does not flatten out as maturity increases up to the observable horizon of two years.
This behavior contrasts sharply with the asymptotic properties implied by the CLT.
The focus of this study is not made so much on the asymptotic properties as on the investment
strategies associated with the maturity patterns consistent with the CLT. The investment strategies are
conditional on the set of available information and reflect the informational efficiency of the options
market. Damodaran (1985) shows that the distributional moments are determined jointly by the event
structure and the accuracy and frequency of the information releases. Arditti and Levy (1975) and
Simkowitz and Beedles (1978) suggest that the dispersion of portfolio skewness is an increasing
function of the number of assets in the portfolio and a decreasing function of the investment horizon.
Part of the literature directly related to the present analysis includes the important studies by Aït−
Sahalia et al. (2001) and Lee−Lee (2005), who examine the returns of investment strategies based on
the comparison of the state price density in the underlying market with that implied by the options
market. For the investment strategies using skewness or kurtosis however, the effects of the mean and
variance on the return of investment strategies should be neutralized. Our study finds a high degree of
correlation between skewness and kurtosis implied by the cross−section of option prices, suggesting
that more sophisticated investment strategies should be considered. Also, these previous studies
consider the effects of vega as well as the correlation between skewness and kurtosis. In comparison,
the present approach does not use the risk−neutral return−generating process in the underlying market
under the Girsanov theorem but the dynamics of the option market only.
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?This paper is organized as follows. The next section reviews the information implied in option
prices, the non−parametric state price density (SPD) and the correlation between implied volatility and
SPD estimators. Section 3 introduces the empirical dataset and examines the systematic patterns of
volatility smile and the implied moments form KOSPI200 index options. We also develop investment
strategies using the systematic maturity patterns and examine their economic significance. Section 4
concludes the paper.
2. Estimation Methodology
2.1. Information Implied in Option Prices
Option prices include information about the underlying asset price, dividends, risk−free rate, and
future volatility of underlying prices. They are also indicative of the market price of risk, the risk−
neutral distribution of the underlying asset returns and risk aversion of the representative agent. This
study uses the implied volatility of BS model, which is inferred using the Newton−Raphson method
and the risk−neutral distribution inferred using the non−parametric implied volatility smoothing
method. Breeden and Litzenberger (1978) showed that in the absence of arbitrage opportunities, the
price and payoff of Arrow (1964) and Debreu (1959) security at ST can be replicated by butterfly
spreads at point T. Under the assumption of continuous state, the state price ST is determined by the
second partial derivative of the European call option pricing function for the underlying asset with
respect to the exercise price evaluated at X ST . These state price densities exist only for each state
and time period, in the absence of arbitrage, or when market equilibrium conditions are satisfied under
single−agent optimality (Duffie, 2001). The risk−neutral probability distribution represents the state
price density in arbitrage−based models.
Under discrete limit states, Breeden and Litzenberger (1978) approach cannot apply directly to
options market prices. Hence, the estimation of SPD requires the interpolation of the probability
across observed strike prices and its extrapolation outside of their observed range to model the tail
probabilities.1 Among the various approaches developed so far, this study uses the non−parametric
implied volatility smoothing method, which does not impose a priori restrictions on the distribution or
the return−generating process of the underlying asset. It is also applicable in the presence of small
samples of option contracts. But, many non−parametric methods including Shimko (1993) inter alia,
extrapolate beyond the traded strike range by grafting lognormal tails onto each of the endpoints of the
observable density. This approach arbitrarily assigns a constant volatility structure to the smile outside
the range of traded strikes. In this case, the inferred SPD does not reflect accurately the kurtosis
1 The methods used to estimate the implied probability distribution fall into two categories according to whether or not
they ex ante assume specific distribution functions or return−generating processes. Parametric methods include Malz
(1996), Melick and Thomas (1997), Bahra (1996), Kim and Kim (2003) inter alia. Non−parametric models, in which a
specific pre−selection is not assumed ex ante, include the finite difference methods (Breeden and Litzenberger, 1978;
Neuhaus, 1995), the implied volatility smoothing method (Shimko, 1993), approaches using the implied tree
(Rubinstein, 1994; Derman and Kani, 1994), or maximum entrophy (Stutzer, 1996) and methods applying kernel
regression (Aït−Sahalia and Lo, 1998).
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?implied by option prices and the allocation of constant volatility at the left and right tails of the
probability distribution may affect the estimate of implied skewness. Because the purpose of this study
is to examine the implied kurtosis and skewness and the investment strategies associated with maturity
patterns, we adjust the non−parametric implied volatility following the smoothing procedure of
Shimko (1993). First, in inverting the BS implied volatility from option prices, it is assumed that
implied volatility follows a quadratic function of exercise prices as follows X( ) A0 ( )A1 ( )X A2 ( )X 2 (1)
where (X) is the implied volatility of BS model inferred using the Newton−Raphson method,is
the time to expiration and X is the strike price.
In the case where A0 ( ) A0, A1 ( ) 0 and A2 ( ) 0 for all, equation (1) is consistent with the
BS model, which assumes constant volatility. By applying the first−order finite difference method for
interpolated option prices, it is possible to obtain information on the cumulative distribution function
(Neuhaus, 1995). The implied probability is calculated as the difference of cumulative probabilities for
two adjacent strike prices.
fC ST
   NC ST X( )NC ST X  S T( ) e rC SX S T C SX S T  S T e rC SX C SX2 S T  S T (2−A)
fP ST
   NP ST X( )NP ST X  S T( ) e rP SX S T P SX S T  S T e rP SX P SX 2 S T  S T (2−B)
where fC ST
  
and fP ST
  
represent the risk−neutral probabilities of ST inferred under discrete states
from call and put options, respectively. The underlying price at maturity T is denoted by ST . The
cumulative probabilities of in−the−money options under discrete state are denoted by NC ST X( )
and NP ST X( ) for call and put options, respectively. The strike price is denoted by X , time to
maturity by and the constant risk−free rate by r. The call and put option prices C (SX) and
P (SX) are function of the underlying asset, strike price and time remaining to maturity.
The tail probabilities can be extrapolated using the BS implied volatility within the range of
cumulative probability of 0 and 1. The sum of probabilities is ensured to amount to unity, and more
accurate estimates of kurtosis can be inferred. The implied skewness and excess kurtosis are calculated
from the implied probability distribution. Instead of using the lognormal distribution function as
benchmark for evaluating the sign and significance of summary statistics, we use the strike price
converted into logarithm, and employ the normal distribution as the benchmark for evaluating the four
summary statistics (Nakamura and Shiratsuka, 1999). The summary statistics for the mean, standard
deviation, skewness and excess kurtosis can be calculated as follows.
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?Mean = m =
 
i 1n ln Xi( )ln Xi1 2 f ST 
Standard Deviation = SD =
 
i 1n ln Xi( )ln Xi1 2 m 2f ST 			

Skewness =

i 1n ln Xi( )ln Xi1 2 m 3f ST 
SD
3
Excess Kurtosis =

i 1n ln Xi( )ln Xi1 2 m 4f ST 
SD
4 3 (3)
where n is the number of option contracts having the same underlying asset S and time to maturity  .
The risk−neutral probabilities of ST inferred from options under discrete states is denoted by f ST
 
,
where ST is the underlying price at maturity.
2.2. Correlation between Implied Volatility and Implied Distributional Moments
In the BS model, the assumption that the underlying asset evolves according to the geometric
Brownian motion with constant drift and constant volatility implies a lognormal risk−neutral density
function. But the smile and smirk patterns in BS implied volatility suggest that the state price density
inferred from option prices is asymmetric and with fat tails. Kim (1999) showed empirically that the
positive (negative) slope of volatility curves generates implied probability distributions with positive
(negative) skewness and that the volatility smile is associated with fat−tails. Also, Kang (2003) derives
the relationship between implied volatility and distribution as follows.impX  F (X )FBS X S rqimp X   N d2 imp( )  (4)
whereimp is the implied volatility from BS model, q represents the dividend yield, which is assumed
to be constant. F (X ) is the implied distribution function whereas FBS X S rqimp is the log−
normal distribution function, where d1() log SX  rq122     , d2() d1()   and
N x[ ] 1 2 ex22. Thus, the slope of the volatility curve with respect to exercise prices represents
the difference between the implied distribution function and the lognormal distribution function.
2.3. Investment Strategies
It is possible to construct a delta−hedging portfolio consisting of a long position in out−of−the
money call options and short position in out−of−the money put options. The cumulative probability of
in−the−money calls (puts) increases (decreases) when skewness decreases with the passage of time.
Under these conditions, the return on this delta−hedge portfolio is positive. In the case where the
excess kurtosis increases as skewness decreases however, the probability interval that the implied
skewness and kurtosis have the same directional effects on the cumulative distribution is restricted.
The implied kurtosis increases not only as the extent of sharpness at the center increases but also as the
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?degree of fatness at the tail increases. Therefore, the expected volatility of investment returns
increases. Also for the investment strategies based on implied skewness and/or implied kurtosis, the
effects of implied mean and implied variance on the performance of these strategies should be
neutralized.
Therefore, we need different investment indicators which include the effects of second, third and
fourth moments at the same time and which can be used directly in the investment strategies based on
option prices. These strategies should be also applicable at the location that has higher liquidity. The
implied probability fulfills all conditions above. First of all, the predictable patterns of the term
structure of implied probability is related directly to the investment strategies that generate positive
returns under no−arbitrage conditions. Indeed, Breeden and Litzenberger (1978) showed that under
no−arbitrage conditions, the price and payoff of Arrow (1964) and Debreu (1959) securities can be
replicated by butterfly spreads. Also, the price of an elementary security discounted by the risk−free
rate follows the martingales under the risk−neutral probability distribution. Hence, it is possible to
express the following relationships for put and call options.
e rT
C S X   S T   2C S X    C S X  S T     S T STXfC ST  (5−A)
e rT
P S X S T   2P S X    P S X  S T     S T STXfP ST  (5−B)
where fC ST
 
and fP ST
 
denote the risk−neutral probabilities of ST inferred under discrete states
from call and put options, respectively. The underlying price at maturity date T is denoted by ST .
C (S X ) and P (S X ) denote call and put option prices respectively as function of the underlying
asset S , strike price X and time to maturity.
Because the price of a butterfly spread directly depends on the implied probability, the effects of
higher moments are reflected in the price of the options portfolio at the same time. By using the
portfolio of options within the same moneyness range or delta−hedging option portfolio, the effects of
the first moment against portfolio returns can be also neutralized. Specifically, B1 denotes the price of
the butterfly spread having the central exercise price X with time−to−expirationand p1 denotes the
risk−neutral probability of ST X at . From equations (5A) and (5B), it follows that B1e rp1 .
Equally, if B2 is the price of B1 at  t and p2 is the risk−neutral probability of ST X at  t ,
then B2e r ( t )p2. If the probability increases as the time−to−expiration decreases, the price of the
butterfly spread at X also increases. That is, if p1 p2, then B1 B2. Hence, the long position of B1
atgenerates positive returns of B2B1 at t .
Also, we can examine another approach, which uses the cumulative probability distribution.
Neuhaus (1995) showed that the first−order derivative of the call option contains information on the
cumulative distribution function. Under discrete states, we can apply the first−order finite difference
method as follows.
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?e r C SX  S T    C SX S T    S T NC ST X( )
e r P SX  S T    P SX   S T    S T NP ST X( ) (6)
where NC ST X( ) and NP ST X( ) denote respectively, the cumulative probabilities of ST X and
ST X inferred from call and put options under discrete states.
If A1 denotes the price of option spread at time−to−expiration  and p1 is the cumulative
probability of ST X at  , then it can be shown that A1e r p1 . Equally, if A2 is the price of A1 at   t and p2 is the cumulative probability of ST X at   t , then it follows that A2e r (   t )p2. If
the cumulative probability of ST X increases as time passes, then it follows that p1 p2, and
A1 A2. Hence, the long position of A1 at generates positive returns of A2 A1 at   t .
3. Empirical Results
3.1. Data
The KOSPI200 options market has monthly expirations including the quarterly delivery months of
March, June, September and December. The expiration day is the second Thursday of each contract
month. Each options contract month has at least five strike prices. The number of strike prices may
however, increase according to price movements. Trading in the KOSPI200 index options is fully
automated, begins at 9:00 AM and closes at 3:15 PM, from Monday through Friday. The options
marker remains open for 15 minutes longer than the underlying asset market to give investors an
opportunity to adjust their positions after the closing of the underlying asset market at 3:00 PM. Tick
sizes are 0.01 points for contracts with premium less than 3 points and 0.05 points for contracts with
premium equal to or in excess of 3 points.
Because the exercise style of the KOSPI200 Index options is European, the empirical results are not
affected by the complications that arise due to the early exercise feature of American options. The in−
sample period extends from January 11, 2002 (maturity date for January 2002), through December 9,
2004 (maturity date for December 2004). The out−of−sample period useful in testing the performance
of the investment strategies extends from December 10, 2004 (maturity date for December 2004), to
August 10, 2006 (maturity date for August 2006). The KOSPI200 index options prices at 3:00 PM
with a dividend streams are obtained from the Korea Stock Exchange. The risk−free interest rates are
estimated using the average rates on three−month Certificates of Deposit.
The liquidity of the KOSPI200 index options market is concentrated in the nearest expiration
contract. Hence, the sample for the empirical tests includes only options with time−to−expiration not
exceeding 35 days. Options with less than six days to expiration are excluded from the sample due to
low premium, high bid−ask spreads and high volatility of implied estimates. Since there is a relatively
smaller trading volume for in−the−money options, the reliability of price information is not entirely
satisfactory. Thus, we use options prices for both put and call options that are at−the−money or out−
of−the−money in order to estimate equation (1). Finally, options prices not satisfying the arbitrage
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?restrictions are excluded. Based on this criterion, 9470 option contracts are used for in−sample and
3119 option contracts for out−of−sample estimation.
3.2. Tests of Maturity Patterns
Table 1 reports the average values and the Pearson correlation coefficients for each time−to−
expiration during the in−sample period. The non−normal implied skewness and implied kurtosis are
reflected in the shape of the risk−neutral distribution but the negative implied skewness and positive
excess kurtosis converge to zero as the time−to−expiration increases. The implied skewness and
excess kurtosis are not different from zero at the 1% significance level, for options with 23 and 31
calendar days, respectively. In Figure 1, the intercepts of linear regressions of implied skewness and
implied excess kurtosis on maturity are associated with the time−to−expiration of 26.98 and 38.28
calendar days for the implied skewness and implied excess kurtosis, respectively. Similarly, in Figure
2, as the time−to−expiration increases, the implied volatility smile flattens out and the probability at
the expected average range of implied distributions decreases.
For the purposes of conducting formal statistical tests in line with Carr and Wu (2003), the
following two−step regression is performed for each trading day. imp  a bi di ei (7−A)
bj  c0ciy  (7−B)
where di  ln(XS )  i . The time−to−expiration denoted by iy  i365 is expressed in calendar days and imp is the estimate of implied volatility whereas denotes the average implied volatility of the index
during the in−sample period.
The first regression (7−A) estimates the slope of the smile bi at each maturity whereas the second
step (7−B) regresses these slope estimates on option maturity in order to capture the maturity patterns
of the smile slope. The left−hand panel of Figure 3 depicts the term structure of the smile slope at
each trading day with respect to each option contract having the same maturity. The visual inspection
suggests that the term structure of each option contract is in most cases nonlinear in maturity, and has
a downward−sloping structure. The right−hand panel presents the estimation results for the stacked
regression of (7−B). The estimated slope has a t−statistic of −16.92, which is significantly negative for
any reasonable confidence interval. On the other hand, panel B of Table 1 shows also a negative
correlation between implied skewness and implied ex−kurtosis of the risk−neutral distribution. These
implied moments are estimated simultaneously using the cross−section of option prices, and therefore
it is necessary for the investment strategies to correct for this correlation.
3.3. Profitability of Investment Strategies
Figure 4 depicts the term structure of implied probability for each degree of moneyness. Only the
probability of near−the−money options increases significantly as the time−to−expiration decreases.
Hence, the increase in excess kurtosis reflects only the probability at the expected average range but
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?Table 1. Summary Statistics of Variables for Each Maturity
Panel A: Summary Statistics
τ N Index CD A0 (τ ) A1 ( τ) A2 ( τ) R 2 m stdv skew ex−kurt
7 33 96.889 4.282 6.67882 −0.12865 0.00066215 0.981 4.562 0.045 −0.587*** 3.424***
8 31 96.333 4.279 5.98410 −0.11521 0.00059576 0.977 4.556 0.048 −0.611*** 3.678***
9 33 97.173 4.298 5.45136 −0.10344 0.00053007 0.973 4.564 0.050 −0.606*** 3.705***
10 30 96.154 4.281 4.85698 −0.09211 0.00047439 0.971 4.554 0.055 −0.608*** 4.288***
13 33 96.717 4.289 3.99024 −0.07406 0.00037626 0.958 4.558 0.057 −0.529*** 4.108***
14 34 95.963 4.302 3.73438 −0.06949 0.00035662 0.960 4.549 0.061 −0.397*** 3.364***
15 32 96.147 4.324 3.46303 −0.06358 0.00032442 0.954 4.549 0.065 −0.368*** 3.257***
16 33 96.306 4.345 3.19093 −0.05786 0.00029406 0.942 4.550 0.067 −0.322*** 3.140***
17 31 96.695 4.323 2.90466 −0.05140 0.00025715 0.933 4.554 0.070 −0.264*** 2.598***
20 33 97.102 4.299 2.55647 −0.04467 0.00022316 0.927 4.556 0.072 −0.195** 2.564***
21 33 97.134 4.300 2.44179 −0.04211 0.00020920 0.926 4.556 0.076 −0.180** 2.357***
22 33 96.553 4.302 2.20004 −0.03709 0.00018311 0.930 4.548 0.078 −0.110** 1.918***
23 34 97.109 4.333 2.04463 −0.03378 0.00016572 0.911 4.552 0.080 −0.036 1.628***
24 32 96.772 4.312 2.05059 −0.03391 0.00016616 0.916 4.548 0.082 −0.040 1.669***
27 32 97.355 4.348 1.88286 −0.03038 0.00014721 0.893 4.553 0.087 0.040 1.322***
28 9 95.133 4.353 1.62069 −0.02492 0.00011728 0.928 4.531 0.087 0.038 1.141***
29 12 95.858 4.342 1.58539 −0.02450 0.00011625 0.921 4.537 0.088 0.017 1.180***
30 12 95.838 4.353 1.45887 −0.02190 0.00010307 0.939 4.537 0.090 0.013 1.312***
31 11 95.344 4.316 1.32031 −0.01890 0.00008680 0.940 4.531 0.091 −0.032 1.182**
34 11 93.795 4.329 1.17462 −0.01628 0.00007539 0.881 4.512 0.096 −0.035 1.110**
All 553 96.500 4.313 3.33159 −0.0605 0.00030665 0.942 4.551 0.069 −0.287*** 2.715***
Panel B: Pearson Correlation Estimates
m stdv skew ex−kurt
Index 0.996 −0.421 −0.120 0.241
m −0.450 −0.152 0.264
stdv 0.565 −0.537
skew −0.862
Notes: This table reports the summary statistics of variables for each maturity during the in−sample period from January
11, 2002, to December 9, 2004. Panel A shows the average values of variables for each maturity while panel B shows the
Pearson correlation coefficients for each maturity during the in−sample period. The number of trading days used to
estimate the averages for each time−to−expiration is denoted by N . The time−to−expiration is expressed in calendar days
and denoted by τ. Index is the average of the KOSPI200 index price for each time−to−expiration. CD is the average rate
on the three−month Certificates of Deposit. A0 (τ ), A1 (τ ), A2 (τ ) denote the average coefficient values of equation (1)
for each time−to−expiration. R 2 denotes the average R−squared in the estimation of equation (1). The mean (m), standard
deviation (stdv), skewness (skew) and excess kurtosis (ex−kurt) are calculated from the implied probability distributions
inferred using A0 (τ ), A1 (τ ), A2 (τ ), Index and CD for each time−to−expiration. The null hypothesis is that the average
skew (ex−kurt) is equal to 0. The significance of t−statistics is indicated by ***, and ** at the 0.01, and 0.05 levels,
respectively.
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Notes: This figure shows the variation across option maturities in the skewness and excess kurtosis implied in KOSPI200
index option prices during the in−sample period, from January 11, 2002, to December 9, 2004. The left (right) panel
depicts the term structure of the implied skewness (excess kurtosis) with respect to the time−to−expiration. The skew (ex−
kurt) denotes the skewness (excess kurtosis) calculated from the implied distribution. The time−to−expiration is
expressed in calendar days. The estimation results of the linear regression of implied skewness and implied excess
kurtosis regressed on the time−to−expiration are as follows. The t−statistics are shown in brackets and adj−R 2 denotes the
adjusted R−squared estimates.
skew = −0.8513419767 + 0.03156012182τ ex−kurt = 5.096140336−0.1331372082τ
[−18.574] [13.265] [17.415] [−8.765]
adj−R 2 = 0.242 adj−R 2 = 0.121
?????? ?? ??? ?????????????? ? ????? ?????????? ????? ??? ? ????? ??????????? ????????????
Notes? This figure presents the representative implied volatility smile (left panel) and implied probability distributions
(right panel) of KOSPI200 index options during the in−sample period from January 11, 2002, to December 9, 2004. The
implied volatility and the implied probability distributions are estimated using the averages A0 (τ ), A1 (τ ), A2 (τ ),
average KOSPI200 index prices and average CD interest rates for each time−to−expiration. The implied volatility of BS
model is estimated using the Newton−Raphson method. The implied probability distribution is estimated using non−
parametric implied volatility smoothing method adjusted by Kim and Kang (2006). The inverse moneyness of the option
is defined as X/S, where S denotes the KOSPI200 index price and X denotes the strike price.
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Notes: This figure shows the variations depending on the time−to−maturity in the volatility smile of KOSPI200 index
options during the in−sample period from January 11, 2002, to December 9, 2004. The formal statistical test of the
systematic maturity pattern involves the estimation of the smile slope bi in the first regression (7−A), for each maturity. In
the second step regression (7−B), these slope estimates are regressed on maturity, in order to capture the maturity pattern
of the smile slope. The left panel depicts the term structure of the smile slope at each trading day with respect to each
option contract having the same maturity. The right panel shows the fitting of the stacked regression of equation (7−B).
The estimation results of the stacked regression are as follows: bi = 0.0978311897−0.9191959299τ yj , with t−statistics of
31.121 and −16.921 for the intercept and slope, respectively. The adjusted R−squared adj−R 2 estimate amounts to
34.07%.
?????? ?? ??? ???? ????????? ?? ? ????? ??????????? ?? ???? ?????????
Notes: This figure depicts the term structure of the probability implied in KOSPI200 index options prices for each degree
of moneyness during the in−sample period from January 11, 2002, to December 9, 2004. The implied volatility of BS
model is estimated using Newton−Raphson method. The implied probability distributions are estimated using the non−
parametric smoothing method adjusted by Kim and Kang (2006). The moneyness of an option is defined as S/X, where S
denotes the KOSPI200 index price and X denotes the strike price. NTM denotes the implied probability term structure in
the moneyness range between 0.94 and 1 for call options and in−the−moneyness range of 1 and 1.06 for put options.
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?not at the tails of implied distributions.
As shown in Table 2, which reports the estimation results of linear regressions of near−the−money
call and put options on the time−to−expiration, it is clear that near−the−money put options are
associated with larger negative slopes and t−statistics than those of near−the−money call options. This
result may be due to the decreased implied skewness. Therefore, the options portfolio is designed
using the term structure of near−the−money probability. Specifically, because out−of−the money call
and put options only are used for inferring the implied probability distribution and near−the−money
put options have larger negative slopes and t−statistics than those of near−the−money call options, the
approach used to exploit the term structure of near−the−money implied probability is not strictly based
on equation (5−B) and relies instead on the options portfolio and the trading rules described by
Table 2.
Because of the unavailability of options with exercise price X  St over the out−of−sample period,
similar options with exercise prices of X S T and X  S T are used instead. The difference between
C (S X S T  ) in Table 2 and P (S X S T  ) of equation (5−B) can be expressed using the put−
call parity expressed by equation (8) under no−arbitrage conditions.
C (S X S T  )P (S X S T  ) (X  S T )erS  S (er1) S T er (8)
More specifically, the investment strategy is implemented under the following conditions. First, on
day t, we construct the options portfolio of Table 2 by selling two put options, each with exercise price
X  S T , and by buying one put option with exercise price X2 S T and one call option with
exercise price X  S T , where  S T is the difference between the adjacent options. These positions
are liquidated on the next trading day. The performance of this investment strategy is measured as the
difference between the values of these option portfolios at the time of liquidation, following equation
Table 2. Options Portfolios Designed to Exploit the Term Structure of Implied Probability
Call Option
P0.94<<1 = 0.037372718−0.000464871046τ
[t=125.9046] [t=−30.43924]
adj−R 2= 0.116692
Put Option
P1<<??? = 0.04064767893−0.0006255715026τ
[t=145.4987] [t=−43.43975]
adj−R 2= 0.232582
Exercise price X−2ΔST X−ΔST S=X X+ΔST
Option premium −P (S, X−2ΔST, τ) 2P (S, X−ΔST, τ) NA −C (S, X+ΔST, τ)
Notes: This table describes the options portfolio designed to exploit the term structure of near−the−money implied
probability. The OLS regression is used to test for linear relationship between near−of−the money implied probability on
time−to−expiration. P0.94<1 denotes the implied probability in the moneyness range between 0.94 and 1 for call options.
P1<<1.06 denotes the implied probability in the moneyness range between 1 and 1.06 for put options. Option moneyness is
defined as S/X where S denotes the underlying price and X denotes the strike price. C (S, X, τ) and P (S, X, τ) denote
respectively the call and put option prices with underlying asset S, strike price X and time to expiration τ expressed in
calendar days. The t−statistics are shown in brackets while the adjusted R−squared adj−R 2 represents the goodness−of−fit
of the regression model.
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RA (r ) P (S X 2 ST  t )P (S X 2 ST )2P (S X  ST  t )2P (S X  ST  t )C (S X  ST  t )C (S X  ST ) (9)
where RA (r ) is the one−day return (cashflows) from the basis dynamic investment strategy designed
to exploit the term structure of near−the−money implied probability.
In the case where opportunity costs in terms of investment costs and investment horizon are
considered, the return can be defined as follows.
RA (r rf )  P (S X 2 ST )2P (S X 2 ST )C (S X  ST )  e rf tP (S X2 ST  t )2P (S X ST  t )C (S X  ST  t ) (10)
where RA (r rf ) is the return (cashflows) of one−trading day basis dynamic investment strategy
using the risk−free asset.
Because the transactions costs can significantly affect the returns on the one−day basis dynamic
strategy, the investment horizon  t( ) should be allowed to vary unconditionally. We use the static
buy−and−hold strategy for the portfolio of options with the longest time−to−expiration in each
settlement month. In order to control for the effects of the first distributional moments on the portfolio
returns, we carry out a delta−neutral hedge employing only KOSPI200 index futures as hedging
instrument. In other terms, a long position is taken on the options portfolio on day t, and a hedging
portfolio is constructed by shorting fOP (t ) shares of KOSPI200 index futures. The difference between
the value of the options portfolio and the value of fOP (t ) in KOSPI200 index futures is invested in the
risk−free asset in order to account for opportunity costs. In order to estimate  fOP (t ), we use the BS
option delta estimates based on the interpolated implied volatility of equation (1) and approximating
the implied volatility smile2.
RD (r )RB (r )  P[ (S X2 ST  t )P (S X2 ST )2P (S X ST  t )2P (S X ST  t ) (11)C (S X  ST  t )C (S X  ST ) F (t  t )F (t )   fOP (t )
where RD (r ) is the return (cashflows) on one−day basis static investment strategy, RB (r ) is the one−
day return (cashflows) on  fOP (t ) units in KOSPI200 index futures,  fOP (t ) is the BS delta estimate,
and F (t ) is the KOSPI200 index futures price at time t.
In the case where opportunity costs in terms of investment costs and investment horizon are taken
into account, the return can be expressed as follows
2 Bates (2005) presents a simple model−free method for inferring delta and gamma from implied volatility patterns.
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?Table 3. Average Returns and Sharpe Ratios of Dynamic Investment Strategies
τ N RA (r) RC (r) RA (r−rf) RC (r−rf) RA (r)S RC (r)S RA (r−rf)S RC (r−rf)S
7 18 −0.070 −0.125 −0.070 −0.145 −0.041 −0.084 −0.041 −0.084
8 16 0.300 0.400 0.300 0.382 0.208 0.256 0.208 0.255
9 16 0.146 0.588 0.146 0.559 0.101 0.300 0.101 0.302
10 17 0.379 0.341 0.380 0.293 0.296 0.252 0.296 0.253
11 1 −0.260 −0.750 −0.260 −0.762 NA NA NA NA
12 1 1.520 2.050 1.520 2.039 NA NA NA NA
13 18 0.791 0.481 0.791 0.464 0.392 0.213 0.392 0.213
14 20 0.690 0.785 0.690 0.768 0.362 0.369 0.362 0.369
15 19 0.159 0.271 0.159 0.255 0.085 0.119 0.085 0.119
16 19 0.041 −0.032 0.041 −0.048 0.025 −0.028 0.025 −0.028
17 20 0.188 0.363 0.188 0.315 0.096 0.136 0.096 0.136
18 1 −0.620 −0.800 −0.620 −0.811 NA NA NA NA
19 1 −0.440 −0.300 −0.440 −0.311 NA NA NA NA
20 20 0.421 0.120 0.421 0.104 0.240 0.050 0.240 0.050
21 20 0.448 0.543 0.448 0.526 0.209 0.227 0.209 0.227
22 19 −0.289 −0.334 −0.289 −0.351 −0.131 −0.153 −0.131 −0.153
23 19 −0.469 −0.437 −0.469 −0.461 −0.235 −0.205 −0.235 −0.205
24 16 −0.536 −0.597 −0.535 −0.646 −0.285 −0.355 −0.285 −0.354
27 7 0.937 0.793 0.937 0.777 0.379 0.309 0.379 0.309
28 7 −0.139 0.086 −0.138 0.070 −0.191 0.081 −0.191 0.081
29 7 1.556 1.671 1.556 1.656 1.229 1.044 1.229 1.044
30 7 −1.473 −1.836 −1.473 −1.851 −0.660 −0.843 −0.660 −0.842
31 7 0.887 1.179 0.888 1.133 0.695 0.744 0.695 0.748
All 296 0.186 0.197 0.186 0.173 0.102 0.086 0.102 0.086
(0.082) (0.092) (0.082) (0.140)
Notes: This table reports the average returns and Sharpe ratios for one−day dynamic trading strategies using options
portfolio designed to exploit the term structure of implied probability. The results refer also to benchmark KOSPI200
futures for each time−to−expiration, expressed in calendar days, during the out−of−sample period from December 10,
2004, to August 10, 2006. The number of trading days is denoted by N. The time−to−expiration τ is expressed in
calendar days. The Sharpe ratios cannot be calculated for the time−to−expiration of 1, 12, 18, and 19 days, because of the
limited number of options available. The p−values for the null of zero−average returns, are shown in brackets. The
average one−day returns RA(r) on dynamic trading strategies from t to t+Δt are calculated using equation (9). In the case
of accounting for opportunity costs in terms of transactions costs and investment horizon, the average return RA(r−rf) is
defined by equation (10). The average returns on the static buy−and−hold strategy for the KOSPI200 index futures RC(r)
are calculated using equation (13) and in case of opportunity costs, using RC(r−rf) as defined by equation (14). RA(r)S, RA
(r−rf)S, RC(r)S and RC(r−rf)S denote the Sharpe ratios for each investment portfolio. The returns RA(r) and RA(r−rf) are
expressed in units of option premium whereas RC(r) and RC(r−rf) are expressed in futures points. Thus, the average returns
on the options portfolio RA(r) and RA(r−rf) are multiplied by 5 × W100,000 whereas the average returns on futures
positions RC(r) and RC(r−rf) are multiplied by W500,000.
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?Table 4. Average Returns on Buy and Hold Strategy and Delta Hedging Portfolies
τ N RD (r) RB (r) RD (r)+ RD (r−rf) RD (r−rf)+ RC (r) RC (r−rf)
RB (r) RB (r−rf)
7 18 −0.103 0.126 0.023 −0.103 0.043 −0.125 −0.145
8 16 0.328 −0.421 −0.093 0.327 −0.076 0.400 0.382
9 16 0.508 −0.600 −0.092 0.508 −0.065 0.588 0.559
10 17 0.362 −0.334 0.028 0.361 0.075 0.341 0.293
11 1 −0.290 0.677 0.387 −0.290 0.398 −0.750 −0.762
12 1 1.520 −1.924 −0.404 1.520 −0.393 2.050 2.039
13 18 0.558 −0.469 0.089 0.558 0.105 0.481 0.464
14 20 0.689 −0.755 −0.066 0.689 −0.049 0.785 0.768
15 19 0.285 −0.274 0.011 0.285 0.027 0.271 0.255
16 19 0.380 0.034 0.414 0.380 0.430 −0.032 −0.048
17 20 0.183 −0.392 −0.209 0.183 −0.163 0.363 0.315
18 1 −0.620 0.771 0.151 −0.620 0.162 −0.800 −0.811
19 1 −0.440 0.288 −0.152 −0.440 −0.141 −0.300 −0.311
20 20 0.023 −0.111 −0.088 0.023 −0.072 0.120 0.104
21 20 0.438 −0.521 −0.083 0.438 −0.067 0.543 0.526
22 19 −0.307 0.337 0.029 −0.307 0.046 −0.334 −0.351
23 19 −0.467 0.444 −0.023 −0.467 0.001 −0.437 −0.461
24 16 −0.540 0.590 0.050 −0.540 0.098 −0.597 −0.646
27 7 0.929 −0.777 0.152 0.929 0.167 0.793 0.777
28 7 −0.099 −0.080 −0.179 −0.098 −0.164 0.086 0.070
29 7 1.484 −1.643 −0.158 1.485 −0.143 1.671 1.656
30 7 −1.463 1.817 0.354 −1.463 0.369 −1.836 −1.851
31 7 0.887 −1.171 −0.284 0.888 −0.238 1.179 1.133
All 296 0.190 −0.194 −0.004 0.190 0.019 0.197 0.173
(0.095) (0.093) (0.900) (0.095) (0.576) (0.092) (0.140)
Notes: This table reports the average returns on the static buy−and−hold trading strategy using the (delta−hedging) option
portfolio designed to exploit the term structure of implied probability and using the benchmark KOSPI200 futures for
each time−to−expiration, expressed in calendar days during the out−of−sample period from December 10, 2004, to
August 10, 2006. The number of trading days used to estimate the average return and Sharpe ratios of the investment
strategies is denoted by N for each time−to−expiration τ . The p−values for the null of zero−average returns are shown in
brackets. The average returns RD(r)+RB(r) on the static buy−and−hold strategy using (delta−hedging) option portfolios
from t to t+Δt are calculated using equation (11). In case of allowing for opportunity costs in terms of transactions costs
and investment horizon, the average returns RD(r−rf)+RB(r−rf) are defined by equation (12). The average returns on the
static buy−and−hold positions in the KOSPI200 index futures RC(r) are calculated according to equation (13). With
respect to the case of opportunity costs, the average returns RC(r−rf) are defined by equation (14). The static strategy is
based on the portfolio of options with the longest time−to−expiration in each settlement month. The returns RD(r) and RD
(r−rf) are expressed in units of option premium whereas RB(r), RB(r−rf), RC(r) and RC(r−rf) are expressed in futures
points. Thus, the average returns on the options portfolio RD(r) and RD(r−rf) are multiplied by 5 × W100,000 whereas the
average returns on futures positions RC(r) and RC(r−rf) are multiplied by W500,000.
? 76 ? Vol.57 No.4OSAKA ECONOMIC PAPERS
?RD (r  rf )RB (r  rf )  P (S X 2 ST )2P (S X  ST ) C (S X  ST ) F (t ) fOP (t )e rf tP (S X 2 ST   t ) 2P (S X  ST   t )C (S X  ST   t ) F (t  t ) fOP (t ) (12)
where RD (r  rf ) is the one−day return (cashflows) of basis static investment strategy in excess of the
Table 5. The Sharpe Ratios of Buy and Hold and Delta Hedging Strategy
τ RD (r)S RD (r)S+RB (r)S RD (r−rf)S RD (r−rf)S + RC (r)S RC (r−rf)S
RB (r−rf)S
7 −0.058 0.103 −0.058 0.104 −0.084 −0.084
8 0.219 −0.201 0.219 −0.202 0.256 0.255
9 0.296 −0.140 0.296 −0.139 0.300 0.302
10 0.267 0.173 0.267 0.176 0.252 0.253
11 NA NA NA NA NA NA
12 NA NA NA NA NA NA
13 0.234 0.188 0.234 0.187 0.213 0.213
14 0.362 −0.126 0.362 −0.126 0.369 0.369
15 0.147 0.073 0.147 0.073 0.119 0.119
16 0.169 0.288 0.169 0.288 −0.028 −0.028
17 0.093 −0.153 0.093 −0.153 0.136 0.136
18 NA NA NA NA NA NA
19 NA NA NA NA NA NA
20 0.011 −0.189 0.011 −0.188 0.050 0.050
21 0.201 −0.191 0.201 −0.191 0.227 0.227
22 −0.138 0.150 −0.138 0.150 −0.153 −0.153
23 −0.234 0.003 −0.234 0.003 −0.205 −0.205
24 −0.288 0.251 −0.288 0.252 −0.355 −0.354
27 0.376 1.384 0.376 1.401 0.309 0.309
28 −0.143 −0.517 −0.143 −0.518 0.081 0.081
29 1.172 −0.414 1.172 −0.414 1.044 1.044
30 −0.662 0.852 −0.662 0.846 −0.843 −0.842
31 0.695 −0.755 0.695 −0.766 0.744 0.748
All 0.097 0.032 0.097 0.033 0.086 0.086
Notes: This table reports the Sharpe ratios of the static buy−and−hold trading strategies using the (delta−hedging) options
portfolio designed to exploit the term structure of implied probability and using the benchmark KOSPI200 futures for
each time−to−expiration. The out−of−sample period extends from December 10, 2004, to August 10, 2006. The time−to−
expiration is expressed in calendar days and denoted by τ . The Sharpe ratios cannot be calculated for the times to
expiration of 1, 12, 18, and 19 because of the limited number of options available. The static strategy is based on the
portfolio of options with the longest time−to−expiration in each settlement month. RD(r)S+RB(r)S, RD(r−rf)S+RB(r−rf)S,
RC(r)S and RC(r−rf)S denote the Sharpe ratios for the various investment strategies defined in equations (11)~(14).
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?risk−free rate and RB (r  rf ) is the one−day return (cashflows) on fOP (t ) KOSPI200 index futures in
excess of the risk−free rate.
Consistent with the approach adopted by Aït−Sahalia et al. (2001) and Lee−Lee (2005) among
others, the buy−and−hold positions in KOSPI200 index futures are used as the benchmark strategy.
This allows for the assessment of the relative performance of investment strategies based on trading
rules.
RC (r )F (t  t ) F (t ) (13)
RC (r  rf )F (t  t ) F (t )e rf t (14)
Table 6. Average Returns and Sharpe Ratios over Periods of Increasing and Decreasing Markets
Panel A: Average Returns and Sharpe Ratios of Dynamic Investment Strategy
Market Conditions N RA (r) RC (r) RA (r−rf) RC (r−rf) RA (r)S RC (r)S RA (r−rf)S RC (r−rf)S
Decreasing 46 −0.644 −0.645 −0.644 −0.667 −0.299 −0.301 −0.299 −0.300
Increasing 250 0.339 0.351 0.339 0.327 0.196 0.170 0.196 0.170
Panel B: Average Returns on Buy−and−Hold and Delta−Hedging Strategy
Market Conditions N RD (r) RB (r)
RD (r)+
RB (r)
RD (r−rf)
RD (r−rf)+
RB (r−rf)
RC (r) RC (r−rf)
Decreasing 46 −0.646 0.623 −0.023 −0.645 0.001 −0.645 −0.667
Increasing 250 0.343 −0.344 −0.001 0.343 0.023 0.351 0.327
Panel C: Sharpe Ratios of Buy−and−Hold and Delta−Hedging Strategies
Market Conditions N RD (r)S
RD (r)S+
RB (r)S
RD (r−rf)S
RD (r−rf)S+
RB (r−rf)S
RC (r)S RC (r−rf)S
Decreasing 46 −0.294 0.003 −0.294 0.003 −0.301 −0.300
Increasing 250 0.184 0.036 0.184 0.036 0.170 0.170
Notes: This table reports the performance of the one−day dynamic investment strategy, static buy−and−hold (delta−
hedging) strategy and benchmark KOSPI200 futures positions during periods of rising and decreasing prices in the
underlying stock market. The average returns and Sharpe ratios of the dynamic investment strategy are reported in Panel
A, static buy−hold strategy and delta−hedging strategies in Panel B, and static buy−hold and delta−hedging strategies in
Panel C. The number of trading days is denoted by N. The out−of−sample period runs from December 10, 2004, to
August 9, 2006. The periods of rising markets extend from December 10, 2004, to March 10, 2005, from May 13, 2005,
to May 11, 2006 and from June 14, 2006, to August 10, 2006. The periods of decreasing markets extend from March 11,
2005, to May 12, 2005, and from May 12, 2006, to June 13, 2006. The average returns RA(r) of one−day dynamic
trading strategies from t to t+Δt are calculated using equation (9) and when allowing for opportunity costs, the average
returns RA(r−rf) are estimated using equation (10). The average returns RD(r)+ RB(r) on the static buy−and−hold strategy
using the (delta−hedging) options portfolio from t to t+Δt are calculated following equation (11), and with opportunity
costs (RD(r−rf)+RB(r−rf)) following equation (12). The average returns on the static buy−and−hold strategy for KOSPI
200 index futures RC(r) are calculated using equation (13), and with opportunity costs RC(r−rf) following equation (14).
The Sharpe ratios for the above strategies are denoted by RA(r)S, RA(r−rf)S, RD(r)S+RB(r)S, RD(r−rf)S+RB(r−rf)S, RC(r)S, and
RC(r−rf)S, respectively. The average returns RA(r) , RA(r−rf) , RD(r) are expressed in units of option premium whereas
RB(r) , RB(r−rf) , RC(r) and RC(r−rf) are expressed in futures points. The average returns on the options portfolio RA(r),
RA(r−rf), RD(r) and RD(r−rf) are multiplied by 5 × W100,000 whereas the average returns on futures positions RB(r) ,
RB(r−rf) , RC(r) and RC(r−rf) are multiplied by W500,000.
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?where RC (r ) is the one−day return (cashflows) on buy−and−hold positions in the KOSPI200 index
futures, RC (r  rf ) is the daily excess return (cashflows) on buy−and−hold positions in the KOSPI200
index futures in excess of the risk−free rate and F (t ) is the KOSPI200 index futures price at time t.
In order to calculate the Sharpe ratios in case of investment strategies using the risk free asset, we
use the average excess returns and the return volatility, while allowing for opportunity costs. The
return volatility is used because it is not affected by opportunity costs. Table 3 reports the estimation
results for one−day dynamic trading strategies. It is clear that the trading strategies provide superior
average returns and the Sharpe ratios compared to buy−and−hold positions in the KOSPI200 index
futures. The performance is also higher in case of allowing for opportunity costs in terms of
transactions costs and investment horizon. The transactions costs are deemed to amount to 1.2%
(0.04%) of options (futures) prices for trading fees and to the extent of 1/2 of average bid−ask spread
(0.0176 for call options, 0.0147 for put options, 0.0898 for futures contracts) for market impact,
following Lee (1998).
Because the average one−day costs of the dynamic (benchmark) strategies reach the levels of
0.1696 (0.009386), the average returns reflecting transactions costs virtually disappear and become
insignificant at the 10% level. Also, reflecting the average transactions costs, the returns on the
dynamic strategy are not on average different from those of buy−and−hold positions in the KOSPI200
index futures at the 10% level with p−value of 0.354. Thus, allowing for variations in the investment
horizon  t( ) may be necessary in order to reduce the effects of transactions costs.
The performance of static buy−and−hold strategies using the portfolio of options with the longest
time−to−expiration in each settlement month is summarized in Tables 4 and 5. Allowing for
transactions costs for the static naïve options portfolio (0.010981) and benchmark (0.009386)
strategies, the average returns and Sharpe ratios of the options portfolio are better than the benchmark
strategies. However, the average returns on the static naïve strategy are not statistically different from
those associated with buy−and−hold positions in the KOSPI200 index futures at the 10% level, with
p−value of 0.924. The average returns on the delta−hedging strategy are not different from zero at the
10% significance level. Also, the Sharpe ratios of the delta−hedging strategy are worse than those of
the KOSPI200 index futures due to the generally rising price trends, which characterized the
underlying market during the out−of−sample period. These results have important implications from
the risk−hedging and regulatory perspectives because of the preference of risk−averse investors for
investment strategies that are more likely to yield positive returns irrespective of the prevailing market
conditions.
Table 6 reports the performance of one−day dynamic investment strategy and static buy−and−hold
strategy using the portfolio of options with the longest time−to−expiration in each settlement month
during the periods of decreasing and increasing trends observed in the underlying stock market. The
results of panel A indicate that the one−day dynamic investment strategy using the risk−free asset
yields higher positive average returns than those of the benchmark portfolio regardless of price trends
prevailing in the underlying market. The Sharpe ratio of the dynamic investment strategy is found to
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?be higher in the case of rising markets, in which the average returns of the dynamic and benchmark
portfolios are positive. But the average return on the dynamic strategy is not statistically different at
the 10% significance level, from benchmark returns during the periods of rising markets (p−value:
0.943) as well as decreasing markets (p−value: 0.958). When allowing for average transactions costs
(which amount to 0.1698 (options), 0.013933 (futures) over the periods of rising markets, and 0.1686
(options), 0.015685 (futures) for decreasing trends), the average return on the benchmark portfolio is
higher but it is not different at the 10% significance level, from that of the options portfolio over the
periods of rising markets (p−value: 0.379) and downward trends (p−value: 0.778).
The performance of the static buy−and−hold strategies can be examined from the estimation results
reported in panels B and C of Table 6. The average costs amount to 0.015874 (options) and 0.013933
(futures) over periods of rising markets and to 0.02067 (options) and 0.015685 (futures) for decreasing
markets. The returns on the naive options portfolio using the risk−free asset are on average higher than
returns on the benchmark portfolio regardless of the underlying market conditions. In the case of
rising markets, in which the average returns on the dynamic and benchmark portfolios are all positive,
the Sharpe ratios of the dynamic investment strategy are found to be higher. But the returns on the
static strategy using the naïve option portfolio are not on average different at the 10% significance
level, from the returns on benchmark portfolios during periods of increasing markets (p−value: 0.933)
and decreasing markets (p−value: 0.970). The delta−hedging positions using the risk−free asset are
associated with positive performance regardless of the prevailing trends in the underlying market. But,
the performance of the delta−hedging strategy is not different from zero at the 10% significance level
and it is worse than that of the benchmark strategy under increasing market conditions.
4. Conclusions
This paper provides an empirical analysis of the term structure of non−normal return distributions
implied by the KOSPI200 index option prices. We also test for the informational efficiency of the
Korean market, by examining the performance of dynamic and static buy−and−hold investment
strategies using the delta−hedging option portfolio, which is designed to exploit the term structure of
implied probability. The results of the analysis suggest that consistent with theoretical implications,
the skewness and excess kurtosis of the risk−neutral distributions implied by KOSPI200 options prices
converge to zero for options with longer time−to−expiration. This empirical result cannot be attributed
solely to the central limit theorem because it is not obvious that options markets necessarily satisfy the
assumptions underlying the CLT. It is found in particular that the probability of near−the−money
options only increases as the expiration date draws near. Hence, the increase in excess kurtosis reflects
the probability at the mean more than in the tails of implied distributions. Secondly, in order to test for
the informational efficiency of the options market, we develop investment strategies that take into
account the effects of the mean, volatility, skewness and excess kurtosis simultaneously. It is possible
to associate directly the systematic term structure of the implied probability to butterfly spreads at the
high liquidity point under no−arbitrage conditions. This allows for the examination of the performance
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?of options portfolios using daily dynamic re−balancing and static buy−and−hold (delta−hedging)
strategies.
It is shown that the daily dynamic re−balancing strategies have higher Sharpe ratio than static buy−
and−hold strategies for the KOSPI200 index futures. The higher performance should be robust to the
effects of transactions costs and variations in investment horizon. However, the trading costs of the
one−day basis dynamic strategy have the potential to decrease the average returns significantly. With
trading fees approximated to 1.2% of option prices and 1/2 of average bid−ask spreads to account for
market impact effects (Lee;1998), the average returns associated with one−day basis dynamic
strategies virtually disappear. To minimize the effects of transactions costs, we examine the
performance of the static buy−and−hold strategy using option portfolios with the longest time−to−
expiration in each settlement month. Upon accounting for opportunity costs, both the average return
and Sharpe ratio of the naïve option portfolios are found to be better than the comparative estimates
for the KOSPI200 index futures. But, the average returns on naïve options portfolio are not
statistically different from those of the index futures. The Sharpe ratio of the delta−hedging strategy is
worse than that of the KOSPI200 index futures due to the generally rising prices in the underlying
market during the out−of−sample period.
Hence, to better understand the effects of market trends and test whether the investment strategies
based on the systematic patterns implied by option prices have higher performance regardless of the
prevailing market trends, we also report the performance of each investment strategy during periods of
downward and rising market trends. The one−day dynamic investment strategy yields the highest
positive returns and Sharpe ratios in all cases regardless of the underlying market trends and
opportunity costs. When transactions costs are taken into consideration, the dynamic investment
strategy is associated with lower performance than the benchmark portfolio. The naïve options
portfolio using the risk−free asset in the static buy−and−hold strategy has higher average returns and
Sharpe ratios than the benchmark portfolio under all market conditions. But the average returns on the
naïve portfolio are not statistically different from those of the index futures, a result which is
suggestive of the informational efficiency of the KOSPI200 index options market. The evidence
implies that the optimal investment strategies are consistent with the maximization of the expected
utility function depending on the trade−off between expected returns and transactions costs over the
holding period as well as on the degree of investors’ risk aversion. Further research is warranted as to
the leverage effects in stock markets and the asymmetric impact of news on the formation of
expectations about future market volatility and the pricing of index options.
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